Objective: The Dutch Obesity Intervention in Teenagers (DOiT) is a school-based randomised controlled trial that was effective in decreasing the consumption of sugar-sweetened beverages among adolescents. The present study examined, using mediation analysis, whether this decrease in consumption of sugar-sweetened beverages could be explained by an increase in the consumption of water or diet drinks. Design: Participants completed a questionnaire about their beverage consumption at baseline and at 8 months (immediately post-intervention), 12-and 20-month follow-ups. A series of multi-level linear regression analyses were performed to examine water and diet drink consumption as potential mediators of the intervention effect on the consumption of sugar-sweetened beverages. Setting: Eighteen Dutch secondary schools. Subjects: A total of 747 adolescents (mean age: 12?7 years). Results: In addition to the DoiT intervention effect of a reduction in the consumption of sugar-sweetened beverages at 8 months (2284 ml/d; 95 % CI 2420, 2148) and 12 months (2260 ml/d; 95 % CI 2360, 2160), there was also a significant reduction in diet drinks at 8 months (252 ml/d; 95 % CI 289, 216). There was no significant difference in water consumption at any follow-up. The decrease in sugar-sweetened beverage consumption could not be explained by an increase in water or diet drink consumption at any time point. Conclusions: Interventions aimed at reducing sugar-sweetened beverage consumption may be effective without changing consumption of other beverages. Reducing sugar-sweetened beverages was, however, a main message of the DOiT intervention. It is possible that a concomitant promotion of water may have resulted in a greater increase in water intake and replacement of sugar-sweetened beverages with water.
The increased prevalence of obesity among youth is a major public health issue. Childhood obesity is known to track into adolescence and adulthood (1) and is associated with several adverse health outcomes later in life (2) . Low levels of physical activity, and unhealthy diets containing excessive high-energy foods and sugarsweetened beverages, are considered contributors to this worldwide obesity epidemic (3) . Soft drink consumption has increased dramatically over recent years (4) , and a study of adolescents from twenty-eight European countries has shown that, on average, 26 % of students consume soft drinks on a daily basis (5) . There is strong evidence linking soft drink consumption with increased energy intake and body weight (6) . US data show that the percentage of total daily energy intake from sweetened beverages (soft drinks and fruit juices) among youth has more than doubled between 1977 and 2001 (7) . An unhealthy diet during adolescence may also track into adulthood (8) . A focus on decreasing soft drink consumption is therefore likely to be a promising intervention strategy to prevent obesity among youth.
The school-based Dutch Obesity Intervention in Teenagers (DOiT) was effective in decreasing the consumption of sugar-sweetened beverages among adolescents (9, 10) . Substituting sugar-sweetened beverages with diet drinks and/or water was an objective of the DoiT intervention. The purpose of the present study was to examine whether adolescents who decreased their consumption of sugar-sweetened beverages replaced their sugar-sweetened beverages with an increased consumption of water or diet drinks.
Methods
The present study was nested within DOiT, a schoolbased cluster randomised controlled trial conducted in the Netherlands. Information on the study design and recruitment protocol has been described previously (11) . In summary, eighteen secondary schools located within 150 km of Amsterdam participated in this obesity prevention intervention. These schools selected three classes of first-year students (aged 12-13 years) who received information about the study. Students and their parents gave written informed consent (74 % response rate). The ethics committee of the VU University Medical Centre approved the study protocol. Schools were randomly assigned to either the intervention or control group (ten intervention and eight control schools). The DoiT intervention included eleven lessons in the biology and physical education curriculum.
The first part of the intervention was aimed at raising awareness with regard to energy balance-related behaviours (i.e. sugar-sweetened beverage consumption, snack consumption, sedentary behaviour and physical activity). The second part of the intervention aimed at the facilitation of behavioural changes. Assisted by the teachers and intervention materials (worksheets, computerised tailored advice), the adolescents set personal goals, formulated intentions, identified possible barriers, improved their selfefficacy and evaluated change processes. The reduction of sugar-sweetened beverages was strongly promoted as one of the main messages of the DoiT intervention and the advantages of water consumption was repeatedly communicated. Schools were provided with advice on school canteens, addressing both (i) increasing possibilities of a healthier choice, but also on (ii) making the unhealthy choice more difficult. Control schools were required to maintain their regular curriculum.
Measures
All measures were completed at school, during class time, at the beginning of the school year in 2003 (baseline). They were repeated after 8 months (immediately postintervention), 12 months (4 months post-intervention) and 20 months (12 months post-intervention). The adolescents completed a questionnaire in which they were required to self-report their sex, age and parents' country of birth. The participants were also asked to indicate on how many days per week (for a usual week) they consumed three types of beverages: (i) sugar-sweetened beverages (i.e. soft drinks and fruit juice); (ii) diet beverages (i.e. soft drinks with no added sugar such as diet coke); and (iii) water. They also specified the amount per number of servings of each of these beverages they usually consumed on these days. Frequency and quantity were multiplied to obtain estimates of mean daily consumption. These items were adapted from a fruit (including fruit juice), vegetable and fat questionnaire, which were previously shown to be valid and reliable (12, 13) . To assist the participants to recognise each of these types of beverages, pictures of the beverage were included in the questionnaire. Reported consumption above the 95th percentile was recorded as the value of the 95th percentile. Research assistants were not blinded to the group assignment because they were involved in arranging and conducting the measurements, and delivering the intervention materials; however, by performing all measurements according to a standardised protocol, the potential for observer bias was minimised.
Statistical analyses
Only adolescents with complete sugar-sweetened beverage data at baseline and at 8 months post-intervention were included in the analyses. Descriptive and exploratory statistics examined characteristics of the sample, differences between the control and intervention groups and the percentage of change in the consumption of beverages from baseline. Multi-level linear regression analyses (using MLwiN version 2?14; Centre for Multilevel Modelling, University of Bristol, Bristol, UK) were performed to examine differences in baseline consumption of sugar-sweetened beverages, water and diet drinks between the intervention and control groups. Three levels were defined in the multi-level regression analyses: (i) student, (ii) class and (iii) school.
Mediation analyses were used to examine, at each of the three time points (8, 12 and 20 months), whether changes in water and diet drinks could explain the intervention effect on the consumption of sugar-sweetened beverages (outcome variable). A series of multi-level linear regression analyses were conducted (14) . The ANCOVA method was used to define changes between the baseline and post-intervention measurements as it corrects for the phenomenon of regression to the mean (15, 16) . First, the total effect of the DoiT intervention on the consumption of sugar-sweetened beverages was calculated (c-coefficient). In this regression model, the sugar-sweetened beverage outcome value post-intervention was adjusted for the baseline value. Second, the effect of the intervention on water and diet drinks (potential mediators) was calculated, adjusting for baseline values (a-coefficient). Third, the association between water and diet drinks and consumption of sugar-sweetened beverages, adjusting for baseline values for both the outcome and mediator variables, was calculated (b-coefficient). Analyses were conducted separately for each of the potential mediators.
The mediation effect (indirect effect) was estimated by calculating the product of the coefficients (a 3 b 5 ab) by multiplying the 'a-coefficient', representing the intervention effect on the mediators (i.e. consumption of water or diet drinks), with the 'b-coefficient', representing the relationship between the mediators (i.e. consumption of water or diet drinks) and sugar-sweetened beverage consumption. Standard errors were calculated and used to construct the 95 % CI using the Sobel test: SE 
. Finally, the proportion mediated (% mediation), representing the amount of the intervention effect on changes in sugar-sweetened beverage consumption that could be explained by changes in water or diet drink consumption induced by the intervention, was calculated by dividing the indirect effect (ab) by the total effect (ab 1 c 0 ), in which c 0 is the direct intervention effect on sugar-sweetened beverage consumption when controlled for the mediator. All analyses were adjusted for possible confounding by gender, age and ethnicity.
Variables that affect the hypothesised relationship among the variables (i.e. path a) are often known as moderators and are tested as interaction effects. In the present study, moderation analysis was performed to determine whether the effects differed for subgroups of participants regarding gender and ethnicity, by including an interaction term (e.g. intervention 3 gender) into the first and second regression analyses (17) (Fig. 1) . Table 1 shows the characteristics of the sample at baseline for whom all data were available (n 747, 50 % boys). The mean age was 12?7 years and 88 % were of Dutch or Western ethnicity. Table 2 shows the baseline values for consumption of sugar-sweetened beverages (including fruit juice and soft drink consumption) and water and diet drinks for both the intervention and control groups. The majority of sugar-sweetened beverage consumption was obtained from soft drinks. At baseline, the consumption of sugarsweetened beverages and water was comparable between the two groups. The intervention group consumed significantly fewer diet drinks (164 ml/d) than the control group (222 ml/d). The percentage change in the consumption of all beverages has been reported for all three time points. Table 3 shows, at 8, 12 and 20 months, the intervention effect on sugar-sweetened beverages (c), the intervention effect on water and diet drinks (a), the association between water and diet drinks and sugar-sweetened beverages (b), the mediation effect (ab) and the proportion mediated.
Results

Baseline characteristics
Intervention effects on sugar-sweetened beverages (c-coefficient) Immediately post intervention (8 months), the adolescents in the intervention group consumed significantly fewer sugar-sweetened beverages than adolescents in the control group (2285 ml/d; 95 % CI 2421, 2149). At the 12-month follow-up, the difference in consumption was still significant, but decreased to 2260 ml/d (95 % CI 2369, 2160) and after 20 months, there was no significant difference in the consumption of sugar-sweetened beverages between groups. There was no interaction with gender or ethnicity at the 8-, 12-or 20-month follow-ups.
Intervention effects on water and diet drinks (a-coefficient)
At the 8-month follow-up, adolescents in the intervention group consumed significantly fewer diet drinks than the adolescents in the control group (-52 ml/d; 95 % CI 289, 216). At this time point, the intervention also had a positive, but non-significant, effect on water consumption among the adolescents in the intervention group (147 ml/d; 95 % CI 227, 121). There were no significant differences in water or diet drink consumption between adolescents in the intervention and control groups at the 12-or 20-month follow-ups. Gender and ethnicity were not effect modifiers.
Association between water and diet drinks and sugar-sweetened beverages (b-coefficient) Water or diet drink consumption was not associated with the consumption of sugar-sweetened beverages at 8 months. There was a small but significant association between the consumption of diet drinks and sugar-sweetened beverages at the 12-and 20-month follow-ups.
Mediation effect (ab-coefficient) and proportion mediated Neither water nor diet drinks appeared to mediate the intervention effect on sugar-sweetened beverage consumption at any time point. Table 3 Intervention effects on consumption of sugar-sweetened beverages, water and diet drinks, mediation effects and proportion mediated Bold values represent significant associations.
Discussion
The aim of the present study was to examine whether adolescents who decreased their consumption of sugarsweetened beverages, replaced their sugar-sweetened beverages with an increased consumption of water or diet drinks. The findings revealed that the DoiT intervention, which strongly promoted the reduction of sugar-sweetened beverages, resulted in a significant reduction in sugarsweetened beverages at the 8-month (2285 ml/d) and 12-month (2260 ml/d) follow-ups; however, no significant differences were observed at 20 months (12 months postintervention). In the present study, sugar-sweetened beverages included soft drinks and fruit juice; however, the reduction was mainly due to a decrease in consumption of soft drinks. There was also a significant decrease in the consumption of diet drinks (252 ml/d) at 8 months; however, this was not maintained at 12 or 20 months. No significant difference in water consumption between groups was observed at any time point.
We are aware of one other intervention study that reduced the consumption of total carbonated drinks (i.e. carbonated drinks with sugar, carbonated diet drinks and carbonated drinks with caffeine) among 7-11-year-old primary-school children by 150 ml over 3 d (18) . In that study, the only follow-up measurement was immediately post-intervention, the magnitude of the effect was smaller, and in contrast to the current results, no significant reduction in carbonated drinks with sugar was observed. This intervention by James et al. (18) involved a younger age group, and focused only on the reduction of carbonated drinks, whereas the DOiT intervention also focused on other behaviours, such as snack consumption, sedentary behaviour and physical activity.
Although the DOiT intervention resulted in a decreased consumption of sugar-sweetened beverages, this could not be explained by the replacement or substitution with water and/or diet drinks. This is in contrast to what was hypothesised, as we expected that adolescents who decreased their consumption of sugar-sweetened beverages would replace this with water or diet drinks. The baseline consumption of sugar-sweetened beverages was, however, relatively high. It is therefore possible that there was substantial room for improvement without requiring replacement with other beverages, and that the overall fluid consumption was simply reduced.
These results indicate that targeting water and diet drinks may not be important or necessary in the interventions aimed at reducing the consumption of sugar-sweetened beverages among adolescents. It is also interesting to observe that the response to the intervention did not differ across gender and ethnicity and therefore it may not be necessary for future 'soft drink' interventions to be designed specifically for girls or boys or participants of different ethnicity. It is very likely that other mediators explained the intervention effect (9) . Our findings also suggest that interventions aiming to reduce sugar-sweetened beverage consumption may be most effective by targeting soft drink rather than fruit juice intake. At present, there are no other studies to compare these results with as few mediation studies have been conducted for school-based nutrition intervention studies (19) , and to our knowledge, no sugarsweetened beverage intervention studies among adolescents have conducted mediation analysis.
The findings are limited by the fact that data collection relied exclusively on self-report. Another limitation may be that the measurement instruments were not sensitive enough to adequately measure changes in the target behaviours. It is also possible that the intervention may have assisted the participants in the intervention group to provide more socially desirable answers post-intervention. Further, although water intake was promoted throughout the DOiT intervention, unlike the promotion of reducing sugar-sweetened beverages, it was not one of the main messages. If the intervention included a concomitant promotion of water, a greater increase in water intake and replacement of sugar-sweetened beverages with water may have been observed. The strengths of the present study include the longitudinal randomized design, the presence of a control group and the presence of an intervention effect for the consumption of sugar-sweetened beverages.
Conclusion
Interventions aimed at reducing sugar-sweetened beverage consumption may be effective without also requiring change in the intake of other beverages. The present study provides useful findings that may help inform future interventions aimed at reducing intake of sugar-sweetened beverages among youth.
